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My recent topics:
• Nuclear physics: (1) Territories, (2) Nuclear chromodynamics.

• Activity and dissipation driven phase separation.
• Topology of polymer rings, branched polymers.

• RNA viruses, self-assembly.
• Electrophoresis and knots detection in DNA.

• Brownian vertex, a novel type of stochastic engine.
• Evolution appears to have suppressed proteins with knots; why? 



• Polymer-Population Mapping and 
Localization in the Space of Phenotypes, 
with E.Kussel and S.Leibler (Phys. Rev. Let., 
v. 97, 068101, 2006)*.

• Optimal Lineage Principle for Age-
Structured Populations, with Y.Wakamoto
and E.Kussell (Evolution, v. 66, p. 115–134, 
2012).

*Excluding self-citations, cited only 3 times



Sensing or guessing?



Population vector dynamics

Product of non-commuting matrices



“The same equations have the same solutions” 
Feynman Lectures in Physics, v. 2, lecture 12 on “Electrostatic 

Analogies”

• Populations:

• Heteropolymers:



Examples:

Polymer adsorbtion on a “point”

Equivalent problem: wetting of a disordered substrate:



Some known resultes:

• For a homopolymer, adsorbtion at b>bc

where bc =0 at D<2 and bc >0 at D>2.

• For a heteropolymer, the transition is at 
<b>=bc

A.G., E.Shakhnovich, May 8, 1986;

H.Orland et al, July 11, 1986.

e-f/T=1+b d(x)



Examples:

Localization at the interface
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No analog for a homopolymer…



If drawn in a spherical version, 
then reminds a protein:
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No analog for a homopolymer…



Similar ideas apply to aged structured 
populations



Path in age space

The mathematical 
machinery of the 

calculation employs 
path integrals, 

most widely known 
from Feynman 
formulation of 

quantum mechanics



Subtleties: boundary conditions



Conformation: one particular line in the 
tree

“Energy” is the property of an organism 
determined by its entire ancestral 
hystory.



Density distribution etc



Mapping to populations:

These 
phenotypes 

prefer 
environment 

G

These 
phenotypes 

prefer 
environment 
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Conditions of localization:

• Energy preference 
should be sufficient to 
pay for entropy of 
localization to half 
space: e>kT lnt

• Overall width must be 
large enough to house 
a loop: R > (a t)1/2
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In population language: M2/h > t > 1/f
M – total number of phenotypes;  f – growth rate; 

h – switching rate; t – typical time of 
environmental change.



Detailed formulation of the model



Lineage: path in age space

The mathematical 
machinery of the 

calculation employs 
path integrals, 

most widely known 
from Feynman 
formulation of 

quantum mechanics



Malthus parameter:

• Reproductive function k(x)=b(x)z(x)l(x), 
where b(x) is the rate of parenting at 
age x, z(x) is the number of offspring at 
age x, and l(x) is the probability to live 
till age x.

• Overall growth rate of population m –
solution of Malthus equation:



• Number of offspring at age x:

• Organisms never die: l(x)=1;

• Age-independent birth rate, b(x)=b;

• Then solving Malthus equation is easy:

Simple naïve example
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For population to grow (m>0), the number of offspring must be Ztot>1



How does population do it? Idea 1:

One possibility is to “have kids” at the 
optimal age t, then population size after 
time t is: 

If bs is large, then m>m0, so population does something clever
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How does population do it? Idea 2:

If we “have kids” a bit before the optimal
age t, then population looses on z(x), but 
gains on the number of generations over 
time t: (z(x))t/x has optimum and then

If bs is large, then m>m1, so population does something 
even more clever!!!
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How does population do it? Idea 3:
There is a diversity of various strategies, 
and population uses the fact that there 
are MANY of them: entropy of lineages x

z(x)
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Actual 
distribution 
of ages at 
division:



Comparison with experiment


